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Abstract 

Background: Tliis study aimed to investigate intima-media tliicl<ness (IMT) of tlie common carotid arteries in 
cliildren witli acute Kawasaki disease (KD). 

Methods: Between 2009 and 201 1, patients fulfilling the criteria for KD, including a fever lasting >5 days, were 
prospectively enrolled in this study. Laboratory data, echocardiography, and IMT were measured and compared 
with matched controls. 

Results: A total of 70 common carotid IMTs were measured in 35 children. We studied 21 patients aged 3-60 
months old with acute KD and 14 febrile patients aged 3-194 months old with acute infection and similar 
characteristics to those of KD patients. Children with KD had a significantly higher IMT compared with the controls 
(0.550 ±0.081 mm vs. 0.483 ±0.046 mm, P=0.01). 

Conclusions: IMT during the acute stage of KD is increased, suggesting that IMT could be a useful diagnostic tool 
in the early diagnosis of KD. 
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Background 

Kawasaki disease (KD) is an acute systemic vasculitis 
that mainly affects medium-sized arteries in multiple 
systems and primarily occurs in children under the age 
of 5 years. Diagnosis of KD is clinically made using 
non-specific diagnostic guidelines, including prolonged 
fever, conjunctivitis, diffuse mucosal inflammation, 
polymorphous skin rashes, indurative edema of the 
hands and feet associated with peeling of the fingertips, 
and non-suppurative lymphadenopathy [1,2], There is cur- 
rently no definitive laboratory test available for diagnosis 
of KD. Diagnosis of KD is further complicated because the 
above-listed clinical criteria may be transient. In addition, 
the constellation of principle physical findings of KD may 
also vary over time or are not obvious either in the early 
stages of disease or in cases of incomplete KD. An ex- 
pedited diagnosis of this disease is crucial to administer 

* Correspondence: csjdc@cgmh.org.tw 
^Equal contributors 

Department of Pediatrics, Kaohsiung Chang Gung Memorial Hospital and 
College of Medicine, Chang Gung University, 1 23 Ta-Pei Road, Niaosung, 
Kaohsiung, Taiwan 



appropriate therapy and to potentially limit the develop- 
ment of coronary artery lesions [1,2]. The most serious 
complication in KD is coronary aneurysm due to severe 
inflammation and vasculitis of the coronary arteries, 
especially when treatment is delayed [3-7]. Treatment 
with intravenous immunoglobulin within the first 10 days 
after onset of KD is highly effective for the acute phase of 
this illness and considerably reduces the prevalence of cor- 
onary artery complications [1,3,7-10]. Therefore, early rec- 
ognition and prompt treatment of KD are crucial. 

Measurement of intima-media thickness (IMT) of 
common carotid arteries is a widely used and validated 
noninvasive imaging technique for the assessment of 
early structural changes in the arterial wall. Inflammation 
of vessel walls precedes morphological changes and is 
believed to be the initial step in many rheumatic diseases, 
including Takayasus arteritis, [11,12] systemic lupus 
erythematosus, [13] rheumatoid arthritis, [14] Behcet's 
disease, [15] and ankylosing spondylitis [16,17]. Only a 
few published studies, some of them controversial, have 
investigated the development of an increased IMT in the 
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common carotid artery in patients diagnosed with KD. 
Previous studies have reported that in long-term follow 
up, carotid artery IMT is greater in patients with KD, and 
patients with coronary artery involvement after KD have 
the largest IMT [18,19]. 

The purpose of this study was to investigate IMT in the 
acute stage of KD and to determine the level of vascular 
involvement. This study describes the ultrasound findings 
of carotid IMT in patients with active KD to evaluate its 
utility as a marker of disease activity and to elucidate the 
role of carotid IMT in the early diagnosis of KD. 

Methods 

Between 2009 and 2011, 21 patients, aged 3-60 months 
old, treated at the Kaohsiung Chang Gung Children's 
Hospital and ftilfilling the criteria for KD (more than four 
principle criteria and a fever lasting >5 days) were prospect- 
ively enrolled in this study as previously described in detail 
[9,20,21]. Fourteen febrile patients, aged 3-194 months old, 
with acute infections and similar characteristics to those 
of KD patients underwent the same imaging studies 
(two-dimensional echocardiography and B-mode ultra- 
sound) for a heart murmur survey, and were used as 
the control group. The control group comprised patients 
who had pneumococcal pneumonia (n = 5), salmonella en- 
terocolitis (n = 4), or acute pyelonephritis (n = 5). Patients 
whose symptoms did not fit the criteria for KD, had an 
acute fever for <5 days, or in cases where data were in- 
complete were excluded. Children with known heart 
disease or traditional risk factors of atherosclerosis, 
such as hypertension, diabetes mellitus, a family his- 
tory of premature congestive heart disease, and obesity 
(body mass index [BMI] >95th percentile for the age- 
specific reference group), were also excluded. 

In addition to performing echocardiography and ultra- 
sonography of the common carotid arteries, all included 
patients underwent clinical evaluation, and their age, sex, 
weight, height, (BMI), pulse, and blood pressure were 
recorded. Blood pressure was the mean of two consecu- 
tive measurements obtained with the patient in a seated 
position after resting for >5 min. Laboratory tests rou- 
tinely performed included a complete blood cell count, 
differential white blood cell count, and C-reactive protein 
(CRP; reference range, <5 mg/L) measurement. 

Two-dimensional echocardiography and B-mode 
ultrasonography 

All patients with KD underwent two-dimensional echo- 
cardiography of the coronary artery and high-resolution 
B-mode ultrasonography of the bilateral common carotid 
arteries to measure IMT prior to intravenous immuno- 
globulin treatment. All of the children in the control group 
underwent the same examinations as KD patients during 
acute infections. The left coronary artery was measured 



midway between the ostium and the bifurcation of the 
circumflex artery and the left anterior descending coron- 
ary artery in the parasternal short- axis view. The proximal 
right coronary artery was obtained 3 to 5 mm distal to its 
origin in the parasternal short- axis view. Coronary artery 
dimensions were measured and z-scores were calculated 
from the formula derived from Dallaire et al. [22] in 2011 
using regression with the square root of body surface area 
because of the differences in age and BMI between the 
two groups. We chose this method because this equation 
yielded pediatric z-scores with an appropriate normal 
distribution across the entire range of body surface area 
on the basis of a large number of infants, children, and 
adolescents. The z-scores beyond the normal Umits 
(cutoff of Z = ±2) were considered abnormal. The incidence 
of abnormal coronary arteries was also analyzed. 

A single, experienced pediatric cardiologist who was 
blinded to the diagnoses performed all of the carotid 
ultrasound assessments. The carotid ultrasonographic 
studies were performed under standardized conditions 
with the patients in the supine position for at least 
10 min in a quiet room prior to examination. For data ac- 
quisition, high-resolution ultrasound equipment (SONOS 
7500; PhiUips Medical Systems, Andover, MA) with an 
11 -MHz linear array probe was used. All studies were 
performed according to a standardized scanning protocol 
for the right and left common carotid arteries [21-24]. 
During the examination, all children were in the supine 
position with their heads turned slightly to the side. The 
transducer was manipulated so that the near and far walls 
of the common carotid arteries were parallel to the trans- 
ducer footprint and the lumen diameter was maximum in 
the longitudinal plane. The entire carotid proximal com- 
mon carotid artery was observed approximately 1.5 cm 
before the bifurcation. We used the distance between the 
leading edges of the luminal-intimal interface and the 
medial-adventitial interface for the measurement of IMT. 
IMT was measured during end diastole as determined by 
the R wave on an electrocardiogram. We also scrolled 
through the cine loop and measured IMT at the arteries' 
largest diameter in two infants in the KD group because 
they were not cooperative during monitoring of the 
electrocardiogram. All images were stored digitally and 
subsequently analyzed offline. We used Qlab Software 
(Philips, Germany) to analyze the IMT distance auto- 
matically at 64 points within a segment of 10 mm. The 
value reported by this software was the arithmetic 
mean IMT. The IMT echo was assessed and measured 
with calipers within a standardized higher resolution 
zoom. We chose the image of the best quality with the 
clearest edge (Figure 1), which was always obtained with 
the interfaces oriented perpendicular to the ultrasound 
beam. This image was acquired, temporarily stored in the 
cine loop, and consecutively zoomed in Qlab when the 
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Figure 1 Measurement of carotid IMT in QIab. 



measurements were performed. Manual overreading of 
border detection during computed analysis was performed 
for all images. Each measurement was accompanied by a 
"success rate", which was the percentage of the intima- 
media within the region of interest that was accurately 
measured. We only used the measured values that had a 
success rate of >95%. The use of standard automatic proce- 
dures for IMT measurements limits the variability related 
to human error and allows comparability between studies. 
Our experienced pediatric cardiologist had performed ca- 
rotid ultrasound for several years. For reproducibility of 
IMT measurements, we calculated the intraobserver coeffi- 
cient of variation, which was 4.1%. 

This study protocol was approved by the Institutional 
Review Board of Chang Gung Memorial Hospital, Taiwan 
and was performed in accordance with the ethical stan- 
dards laid down in the 1964 Declaration of Helsinki. 
Informed consent was obtained from all parents prior 
to the children's inclusion in the study. 

Statistical analysis 

All continuous data are expressed as mean ± standard 
deviation of the mean and minimum and maximum values. 
We used non-parametric statistical procedures because of 
the small number of data. Categorical variables were ana- 
lyzed with Fisher s exact test and the chi-square test when 
appropriate. We also performed multivariate regression 
analysis using IMT as the dependent variable, and age, 
BMI, and KD as independent variables to assess whether 
different factors affected carotid IMT. All analyses were 
performed using the Statistical Package for Social Sciences, 
version 14.0 for Windows XP (SPSS, Inc., Chicago, USA). 

Results 

Demographic data and coronary artery diameter 

Patient demographics are shown in Tables 1 and 2. 
Controls and KD patients had similar characteristics. 



with no significant differences in age, sex, body size, or 
blood pressure. Because there was no routine oral sed- 
ation for the heart murmur survey, clear edges of IMT 
were easier to obtain from older children who were 
more cooperative for carotid ultrasound. Although the 
age in the control group was older than that in the KD 
group, this was not significantly different. There were 
no significant differences in weight, height, BMI, or 
systolic and diastolic blood pressure between the two 
groups. There was also no significant difference in CRP 
levels or white blood cell counts between the groups. 
Platelet counts were significantly higher in KD patients 
than in controls. There was no significant difference in 
coronary artery diameter between the two groups. 
However, the incidence of z-scores beyond the normal 
limit (cutoff of Z = ±2) of the left coronary artery and 
left anterior descending coronary artery in KD patients 
was significantly higher than that in the control group. 

Mean carotid IMT 

Measurement of carotid IMT by Qlab software, accom- 
panied by the IMT within a segment of 10 mm and its 



Table 1 Demographic data and blood pressure of patients 
with KD and febrile controls 


Characteristic 


Patients with 


Controls 


p value* 




KD (n = 21) 


(n = 14) 




Male sex (%) 


71.4% 


71.4% 


1.00 


Mean age (months) 


21. 79 ±17.91 


52.1 8 ±56.52 


0.13 


Body weight (kg) 


11.37 ±3.93 


19.1 7 ±14.50 


0.08 


Body height (cm) 


82.32 ±14.91 


100.54 ±29.91 


0.21 


BMI (kg/m2) 


16.45 ±1.50 


18.08 ±2.64 


0.14 


Systolic BP (mmHg) 


103±16 


112±14 


0.35 


Diastolic BP (mmHg) 


63 ±13 


71 ±11 


0.09 



Values are mean ± SD or %. 

BMI, body mass index; BP, blood pressure; KD, Kawasaki disease. 
*Mann-Whitney U test. 
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Table 2 Inflammation markers, echocardlographic 
parameters, and IMT values In patients with KD and 
febrile controls 



Table 3 Multivariate regression model of IMT 
measurements with KD, age, and BMI 



Characteristic 


Patients with 
KD (n = 21) 


Controls 
(n = 14) 


p value* 


LCA (mm) 


2.79 ± 0.77 


2.51 ±0.56 


0.35 


z-score >2 or < -2 


52.4% (n = 11) 


7.1% (n = 1) 


0.01 


LAD (mm) 


2.30 ± 0.90 


1 .90 ± 0.35 


0.40 


z-score >2 or < -2 


47.6% (n = 10) 


0 


0.00 


LCX (mm) 


1.64 ±0.63 


1.45 ±0.17 


0.57 


z-score >2 or < -2 


9.5% (n = 2) 


0 


0.51 


RCA (mm) 


2.57 ± 1 .24 


2.1 7 ±0.54 


0.59 


z-score >2 or < -2 


17.1% (n = 6) 


0 


0.06 


LVEF (%) 


65 ±7 


65 ±6 


0.96 


Total WBC (xlOOO/mm^) 


16.1 2 ±7.01 


15.1 3 ±6.95 


0.69 


Platelets (xlOOO/mm^) 


487.5 ±198.0 


352.5 ±161.1 


0.01 


CRP (mg/L) 


110.4±91.5 


148.6 ±89.6 


0.17 


IMT (mm) 


0.550 ±0.08 


0.483 ± 0.05 


0.01 



Values are mean ± SD or %. 

LCA, left coronary artery; LAD, left anterior descending coronary artery; LCX, 
left circumflex coronary artery; RCA, right coronary artery; LVEF, left ventricular 
ejection fraction; WBC, white blood cells; CRP, C-reactive protein; IMT, 
intima-media thickness. 
*Mann-Whitney U test. 

100% success rate on the right side, are shown in Figure 1. 
The distribution of IMT is shown in Figure 2. Mean ca- 
rotid IMT in KD patients (0.550 ±0.081 mm; range, 
0.44-0.69 mm), was significantly higher than that in the 
febrile control group (0.483 mm ± 0.046 mm; range, 
0.43-0.56 mm; P = 0.01) (Table 2). Even if age and BMI 
were not significantly different between KD patients 
and controls, the difference between the two groups was 
highly relevant. We performed multiple linear regres- 
sion analysis using IMT measurement as the dependent 
variable to exclude the confounding factors of age and 
BMI. In multivariate analysis, only KD was consistently 
associated with intima-medial thickening (Table 3). 



0.8 





0.7- 


E 


0.6- 


E 




0.5- 




0.4- ■ 




0.2-r 




0.0-L 



- • 


•• 


> • 
• 


\ 

• 


i 

u 


••• 



Control Kawasaki disease 

Figure 2 Distribution of IMT measurements. Bars show mean ± SD. 





IMT measurements 




Variables 


Regression coefficient Standard error 


p value 


KD 


0.072 0.028 


0.017 


Age 


0.000 0.000 


0.465 


BMI 


0.005 0.006 


0.471 



IMT, intima-media thickness; BMI, body mass index; KD, Kawasaki disease. 

Discussion 

Our study showed that carotid IMT was higher in the 
acute stage of KD compared with other acute infections. 
Although there was no significant difference in age between 
the two groups, higher IMT of KD patients may still be due 
to age. Age-associated changes in IMT in young children 
have not yet been fully examined. Pauciullo et al, [23] 
reported that the mean carotid IMT of healthy children 
aged 6 ± 3 years was 0.39 ± 0.03 mm and Ishizu et al, 
[24] reported that it was 0.44 ± 0.05 mm among children 
aged between 5 to 14 years old. An age-related increase 
in carotid IMT with an annual 0.009 mm increase in 
healthy children has been reported to reflect the physio- 
logical growing process [24] . Theoretically, in our study, 
IMT in KD patients should have been much lower than 
that in the control group because of their age. However, 
we found that IMT was significantly higher in KD patients 
who were younger than the control group. Therefore, the 
difference between groups is due to the underlying disease 
rather than the selection bias of age. Furthermore, we 
performed multivariate regression analysis, which showed 
that IMT was the only independent factor for KD. All of 
the other factors lost their statistical influence on the IMT 
thickening. These preliminary results suggest that an in- 
creased IMT of the carotid artery in any acutely ill, febrile 
child should raise suspicion for KD. Therefore, carotid 
ultrasonography is an important diagnostic tool in the 
early diagnosis of KD if an increased IMT is shown in 
conjunction with additional clinical signs. 

Over the last few years, a large number of studies have 
emphasized the fundamental role of ultrasonography in 
the early diagnosis of vasculitis in adult patients. These 
studies demonstrated abnormal ultrasonographic changes 
in the acute phase of Takayasu disease, [11,12,24,25]. 
Mediterranean fever, [26] temporal arteritis, [27] and 
Behcet's disease [15]. These diseases are considered to 
have early structural vascular alterations and atheroscler- 
osis because of their ongoing subclinical inflammation. In 
these diseases, IMT was used to assess blood vessels and 
to help with early detection. Intravascular ultrasound 
studies in patients with Takayasu showed thickening and 
altered echogenicity of the arterial wall [24]. Most authors 
believe that these changes are a result of acute dysfunction 
of the endothelium and inflammation of the vascular wall 
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rather than chronic proUferative and fibrotic changes of 
atherosclerosis. 

To the best of the authors' knowledge, no specific IMT 
studies of common carotid arteries have been performed to 
help diagnose KD. The present study attempted to distin- 
guish KD from other infection diseases on the basis of 
IMT. We also attempted to determine the level of vascular 
involvement by evaluating the role of IMT in the diagnosis 
of KD. In contrast to the combination of cellular and fi- 
brous proliferation, which accumulates during long-term 
follow-up after KD, increased IMT in the acute stage is en- 
tirely attributed to acute inflammation [28]. Impairment of 
endothelial function precedes morphological changes and is 
believed to be the initial step in the development of many 
other inflammatory rheumatic diseases. Dysfunction of 
the endothelium and the presence of macrophages and 
activated lymphocytes within the vessel wall lead to 
thickening of the intima and media of the vessel wall of 
large- and medium-sized muscular arteries [29]. High- 
resolution B-mode ultrasonography is useful in showing 
the same characteristic features of homogenous hypere- 
chogenicity of the thickened arterial waU [11,29]. 

One noteworthy limitation of this study is that the 
ultrasonographic preliminary results were not correlated 
with pathological findings. Pathological correlation may 
help physicians further understand the causes of increased 
wall thickness. This limitation occurred because in KD, bi- 
opsy is restricted to opportunities, such as intraoperative 
biopsy during vascular reconstruction surgery. Another 
limitation of our study is that our KD patients did not 
have any coronary artery abnormalities or aneurysms. 
During our short-term follow up, we did not find a trend 
of persistent increased IMT as in previous studies [17]. 
These different preliminary results between studies may 
be because KD patients enrolled in our study did not have 
any considerable coronary artery involvement. This transi- 
ent IMT phenomenon is similar to their transient coronary 
dflation. Among KD children without marked coronary 
artery abnormalities (as recruited in our study), intima- 
medial thickening during the acute phase is probably a tran- 
sient, subclinical phenomenon without long-term sequelae 
on atherosclerotic risk. Considering the small number of 
cases included in our study, these results are primarily pre- 
liminary and further studies including a larger number of 
patients are warranted. IMT can hopefully be used to reli- 
ably identify children most at risk for severe disease. 

Conclusions 

In children with laboratory preliminary results indicative 
of vasculitis or suspicion of KD, but who do not fulfifl 
the criteria of KD, IMT could be an additional diagnostic 
tool used to determine the level of vascular involvement. 
This wiU help achieve an early diagnosis of KD and ex- 
pedite establishment of an appropriate therapy. 
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